Introduction
============

Nowadays, arterial hypertension is one of the most prevalent obstetric complications with high rates of maternal and perinatal morbidity and mortality worldwide \[[@B1]\]. In the USA, the prevalence of obstetric hospitalizations related to hypertensive disorders (HDs) increased from 67.000 to 81.000 between 1998 and 2006 \[[@B2]\]. As a result of this increase in the number of cases, there was also severe increase in rates of serious maternal and perinatal complications such as abruption placentae, thrombocytopenia, acute pulmonary edema, stroke, intrauterine growth restriction, fetal death, and elective prematurity.

Pregnancy-related HD are thought to be the consequence of impaired trophoblastic invasion of the maternal spiral arteries, resulting in maintenance of vessels of high resistance, inadequate perfusion of the placenta, tissue injury, and increased production of vasoconstrictive substances \[[@B3]\]. In these cases, there are qualitative and quantitative changes in the maternal uterine artery (UA) Doppler waveforms \[[@B4][@B5]\]. Accordingly, several studies have examined the potential value of the UA Doppler velocimetry as screening test for HD during pregnancy \[[@B6][@B7][@B8]\].

Some maternal UA Doppler studies have shown that this method is significantly better than traditional screening by maternal demographic characteristics and medical history in predicting HD \[[@B9]\]. However, differences among UA Doppler study protocols, measured Doppler parameters, gestational age at screening and clinical outcomes considered contribute to the delay in adopting the test universally. Conde-Agudelo et al. \[[@B10]\] have concluded that \"there is not a clinically useful test to be applied in the clinical practice to predict HDs of pregnancy\".

The majority of the studies evaluated the UA Doppler in the second trimester of pregnancy, supposedly because the trophoblastic invasion of the maternal spiral arteries has finished at this point. On the other hand, there is now strong evidence demonstrating that abnormal UA Doppler in the first trimester of pregnancy is also associated with abnormalities in trophoblast invasion \[[@B11]\]. Consequently, some authors have been proposed the assessment of UA Doppler in the first and second trimester of pregnancy in order to increase the sensitivity for predicting HD. Gomez et al. \[[@B12]\] have assessed the UA Doppler of 870 singleton pregnancies over two gestational age intervals: 11 to 14 weeks and 19 to 22 weeks. They showed that the UA mean pulsatility index (PI) significantly decreased within each of the two intervals considered and the persistence of an abnormal mean PI from the first to the second trimester identified pregnant women with the greatest risk for HD and/or fetal growth restriction.

Therefore, the objective of this study was to assess the UA Doppler at the first and second trimester of pregnancy as screening test for HD and adverse perinatal outcomes in a low-risk population since more than half of women who develop such complications have no risk factors in their history.

Materials and methods
=====================

We conducted a prospective cohort study with 174 low-risk pregnant women undergoing routine antenatal care. All participants were recruited from a group of women admitted to the Reference Centre of Women\'s Health of Ribeirão Preto (MATER), state of São Paulo, Brazil, from March 2011 to November 2012. This is a 40-bed unit that serves approximately 3,600 low-risk pregnant women per year in Brazil\'s public health system. The aim and methodology of the study was explained to all recruited women. Voluntary participation was requested, and informed consent was obtained. This study was approved by the local Ethics Research Committee (protocol number 14366/2009) in agreement with the current procedures and according to the internationally acknowledged STROBE criteria.

Gestational age was calculated from the last menstrual period and confirmed by crown-rump length measurement at the time of the first-trimester scan. The eligibility criteria included a singleton pregnancy at 11+0 to 13+6 weeks of gestation with a normal fetus, body mass index \<30 kg/m^2^, no smoking, alcoholism or maternal drug addiction, and absence of chronic diseases and of treatment with aspirin, heparin or antihypertensive drugs before enrolment. The exclusion criteria were fetal malformation or in the newborn, abortion, loss to follow up, and failure to acquire data from the medical records.

UA artery Doppler recordings were obtained prospectively twice, first at 11 to 14 weeks of gestation and second at 20 to 24 weeks. All scans were performed by only one experienced sonographer (RMS) using a Voluson 730 Expert ultrasound machine (General Electric Medical Systems, Milwaukee, WI, USA) equipped with both transvaginal (5 to 9 MHz) and transabdominal (4 to 8 MHz) probe. In the first trimester, transabdominal ultrasound was used to perform UA Doppler examination. A mid-sagittal section of the uterus with visualization of the cervical canal and internal cervical os was obtained. The transducer was gently tilted from side to side, and the right and left UA were identified by color flow mapping along the side of the uterine cervix at the level of the internal os. After ensuring that the insonation angle was \<30°, pulsed-wave Doppler with the sampling gate set at 3mm was used to capture the entire vessel width. The signal was updated until at least three similar consecutive waveforms were obtained, and both the PI and resistance index (RI) of the right and left UA was measured electronically once and recorded as well as the presence and/or absence of protodiastolic notch. In the second trimester, a transvaginal transducer was used to obtain a sagittal section of the cervix. Patients were oriented to empty their bladders and were placed in the dorsal lithotomy position. The probe was then introduced into the vagina and placed in the anterior fornix. Subsequently, the probe was moved into the lateral fornix and the UA was identified using color Doppler at the level of the internal cervical os as described by Papageorghiou et al. \[[@B13]\]. Pulsed-wave Doppler was then applied to obtain waveforms of both UA similarly to the first trimester of pregnancy. Abnormal UA Doppler findings were the presence of bilateral protodiastolic notch and/or a mean PI or RI values \>95th percentile \[[@B14]\].

Maternal demographic characteristics, medical history and ultrasonographic measurements were recorded in a computer database. Details regarding pregnancy outcomes were added to the database as soon as they became available.

1. Outcome measures
-------------------

### 1) Primary outcome

The primary outcome of our study was the development of HD as defined by the Report of the National High Blood Pressure Education Program Working Group on High Blood Pressure in Pregnancy \[[@B15]\]. Preeclampsia was defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, recorded after 20th week of gestation at least 4 hours apart in previously normotensive, and proteinuria ≥300 mg in 24 hours or one reading of at least + on dipstick analysis of midstream urine specimen. Gestational hypertension was defined as systolic blood pressure ≥140 mmHg and/or diastolic blood pressure ≥90 mmHg, also recorded after 20th week of gestation at least 4 hours apart in previously normotensive without proteinuria.

### 2) Secondary outcome

The secondary outcomes of our study were: small for gestational age newborn (birth weight \<10th percentile according to the Battaglia and Lubchenco curve \[[@B16]\]), cesarean section rate, Apgar score \<7 at 1st and 5th minute, and admission to the neonatal intensive care unit (NICU).

2. Sample size calculation
--------------------------

Considering a significance level of 5%, power of the test of 80%, and a 6-fold increase in the risk of perinatal adverse outcomes (especially preeclampsia) in the group of patients with abnormal findings of UA Doppler \[[@B13]\], a sample size of 160 would be enough to perform this study.

3. Statistical analysis
-----------------------

Mean, standard deviation (SD), median, minimum, and maximum were calculated to describe quantitative variables. Percentages were used to describe qualitative variables. The 5th and 95th percentile of the mean UA PI and RI were calculated according to the following formula: percentile=mean+(k×DP), where k corresponded to the percentile of the standard normal distribution, and SD is the sample standard deviation. In this study, k=±1.64 \[[@B14]\]. The Mann-Whitney or χ^2^ test where appropriate were applied to verify the association between maternal and ultrasound parameters and outcome measures. Simple and multiple logistic regression analysis were used to determine the effects of maternal and ultrasound parameters on the occurrence of the outcomes \[[@B17]\]. A *P*\<0.05 was considered statistically significant. All analyses were performed using SAS ver. 9.0 (SAS Institute Inc., Cary, NC, USA).

Results
=======

Initially, we selected 174 pregnant women, however 12 were excluded by the following reasons: 5 lost to follow-up, 2 abortions, 5 inability to obtain all data from medical records. Of the 162 patients, 15 patients (9.2%) developed HD (preeclampsia or gestational hypertension), 10 (6.1%) had small for gestational age newborns, 65 (40.1%) had cesarean section, 5 newborns (3.1%) had Apgar score \<7 at 5th minute, and 10 (6.1%) were admitted to the NICU.

[Table 1](#T1){ref-type="table"} shows the relative frequencies of maternal demographic characteristics, and obstetric and perinatal outcomes considering the UA Doppler parameters in the first trimester of pregnancy. Mean±SD of maternal age (years) were 25.2±6.0. Regarding the ethnicity, 81 women (51.0%) were white. Considering the parity, 79 patients (48.7%) were primigravidae, 43 (26.5%) secundigravidae and 40 (24.7%) multigravidae. [Table 1](#T1){ref-type="table"} also shows a significant association between mean UA RI and the following variables: HD (*P*=0.0005) and maternal ethnicity (*P*=0.009). Still, this table shows a significant association between protodiastolic notch and the following variables: parity (*P*=0.003) and admission to the NICU (*P*=0.003).

[Table 2](#T2){ref-type="table"} shows the relative frequencies of maternal demographic characteristics, and obstetric and perinatal outcomes considering the UA Doppler parameters in the second trimester of pregnancy. This table shows a significant association between maternal age and protodiastolic notch (*P*=0.008).

[Table 3](#T3){ref-type="table"} shows the relative frequencies of maternal demographic characteristics, and obstetric and perinatal outcomes considering the UA Doppler parameters in both first and second trimester of pregnancy. Again, there is a significant association between mean UA RI and the following variables: HD (*P*=0.001) and maternal ethnicity (*P*=0.04). The association between protodiastolic notch and admission to the NICU (*P*=0.04) also is demonstrated in [Table 3](#T3){ref-type="table"}.

[Table 4](#T4){ref-type="table"} shows the mean, SD, median, 1st and 3rd quartile, minimum and maximum values of the UA Doppler parameters in both first and second trimester of pregnancy. Furthermore, the 5th and 95th percentile of the mean UA RI and PI are also demonstrated.

Simple and multiple logistic regression analysis were used to determine the effects of maternal and ultrasound parameters on the occurrence of the outcomes. A mean UA RI or PI \>95th percentile in the first trimester of pregnancy increased the risk of HD by 23 (odds ratio \[OR\], 23.25; 95% confidence interval \[CI\], 3.47 to 155.73; *P*\<0.01) and 10 fold (OR, 9.84; 95% CI, 1.05 to 92.10; *P*=0.05), respectively when compared to the mean UA RI or PI ≤95th percentile in both trimesters. The presence of bilateral protodiastolic notch or any other maternal parameter showed no effects on the outcome measures such as HD, cesarean section rate, Apgar score \<7 at 1st and 5th minute, and admission to the NICU.

Discussion
==========

In our study, we proposed a combined screening for HD and other maternal and perinatal adverse outcomes using the UA Doppler parameters both in the first and second trimester of pregnancy. In the present study, the maternal ethnicity seems to influence the reshuffle of maternal spiral arteries in the first trimester since there is a higher proportion of white women with abnormal values of mean UA RI at this point of pregnancy. This result is in disagreement with that observed by some authors \[[@B18][@B19]\] who have demonstrated that non-white women have an increased risk for HD and/or other obstetric complications. On the other hand, after logistic regression analyses the maternal white race did not appear as risk factor for any outcome measures.

Parity was also a maternal characteristic that could interfere in the trophoblastic invasion of the maternal spiral arteries in the present study. Primigravidae represented more than half (56.3%) of pregnant women who presented a bilateral protodiastolic notch in both first and second trimester of pregnancy. Nulliparity is a known risk factor for HD as well as multiparity with an adverse obstetric history \[[@B20][@B21]\].

In the second trimester, maternal age also showed effect on the UA protodistolic notch. In UK, the universal screening for preeclampsia using the UA Doppler study is indicated to pregnant women \>40 years \[[@B22]\], and significant contributions were obtained when this screening is applied to patients with age over 35 \[[@B19][@B23]\].

In our study, the mean UA RI was calculated in both trimesters of pregnancy. We considered abnormal values greater than 0.85 and 0.77 in the first and second trimester, respectively. In a prospective study conducted by Alves et al. \[[@B24]\] studying 409 singleton pregnancies between 11 and 14 weeks of gestation, the 95th percentile of the mean UA RI was similar to our study (0.80). Considering the second trimester, Valensise et al. \[[@B25]\] demonstrated that a mean UA RI greater than 0.58 was a good predictor of HD. Kurdi et al. \[[@B26]\] showed increase of the detection rate of preeclampsia in women with bilateral notches with mean UA RI greater than 0.55 measured between 19 and 21 weeks of pregnancy. Albaiges et al. \[[@B27]\] evaluated pregnant women at 23 weeks of gestation and obtained a mean UA RI of 0.69 (95th percentile). The authors showed that UA mean resistance indices perform better than do velocity indices in the prediction of adverse pregnancy outcome such as preeclampsia, small for gestational age newborn, placental abruption and intrauterine death, irrespective of notch status. These differences in values may be attributed to different methodological aspects, sample size, UA Doppler protocols, and heterogeneity of subjects included in the studies.

Regarding the mean UA PI, values greater than 2.15 and 1.75 were considered abnormal in the first and second trimester, respectively. Gomez et al. \[[@B28]\] performed a transversal study assessing 620 pregnant women throughout pregnancy and demonstrated the following values of 95th percentile: 2.7 at 11 weeks and 2.2 at 14 weeks of pregnancy. In our study, the 95th percentile of the mean UA PI was similar to the values recorded by those authors at the end of the first trimester probably because the majority of the Gomez et al. patients were included at this gestational age. The 95th percentile values demonstrated by the Alves et al. \[[@B24]\] ranged from 2.5 to 1.9 at 11 weeks and 14 weeks of pregnancy, respectively. Therefore, the 95th percentile of the mean UA PI of the present study lies within this range of values. In a multicenter study conducted by Papageorghiou et al. \[[@B13]\], the 95th percentile of the mean UA PI in the second trimester was 1.63. Similar finding were published by Gomez et al. \[[@B12]\]. These authors showed 95th percentile values of mean UA PI of 1.77 at 20 weeks and 1.52 at 22 weeks of pregnancy. This result is in agreement with the value recorded by us in the second trimester of pregnancy.

We observed a possible association between development of HD and abnormal mean UA RI in the first trimester of pregnancy. After logistic regression analysis, an abnormal mean UA RI and PI (\>95th percentile) only in the first increased the risk of HD by 23 and 10 fold when compared to pregnant women with normal impedance indices in both trimesters of pregnancy. According to Gomez et al. \[[@B12]\], women in whom the UA mean.

PI shifted from abnormal to normal between the two trimesters show a significant risk of HD and intrauterine growth restriction (OR, 5; 95% CI, 2.1 to 10.6). These findings are widely confirmed by numerous studies with similar results \[[@B13][@B21][@B25][@B27][@B29][@B30]\].

The strengths of our study include the well-designed prospective follow-up of patients, an adequate interobserver reproducibility, an extensive statistical evaluation, and the strict inclusion criteria of low-risk pregnant women. It is crucial to emphasize that there are some doubts about the validity of the universal screening for HD in this group. So, the results of this research provide more information about this. Furthermore, all scans were performed by only one experienced sonographer using a single ultrasound machine with the same Doppler settings.

Nevertheless, our study has several limitations. First, the sample size may be insufficient for calculating the risk of HD and/or other outcome measures for some maternal and ultrasound parameters. Moreover, we did not separate HD in preeclampsia or gestational hypertension. Furthermore, we did not consider early-onset or late-onset preeclampsia.

In conclusion, the first-trimester screening at 11 to 14 weeks combining maternal characteristics and UA Doppler parameters is useful to predict HD in low-risk pregnant women, particularly in settings in which it is not possible to analyze maternal biochemical markers.
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###### Maternal demographic characteristics, obstetric and perinatal outcomes considering the UA Doppler parameters in the first trimester of pregnancy
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Values are presented as number (%).

UA, uterine artery; RI, resistance index; PI, pulsatility index; CS, cesarean section; SGA, small for gestational age; NICU, neonatal intensive care unit.

###### Maternal demographic characteristics, obstetric and perinatal outcomes considering the UA Doppler parameters in the second trimester of pregnancy
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Values are presented as number (%).

UA, uterine artery; RI, resistance index; PI, pulsatility index; CS, cesarean section; SGA, small for gestational age; NICU, neonatal intensive care unit.

###### Maternal demographic characteristics, obstetric and perinatal outcomes considering the UA Doppler parameters in both first and second trimester of pregnancy
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Values are presented as number (%).

UA, uterine artery; RI, resistance index; PI, pulsatility index; trim, trimester; CS, cesarean section; SGA, small for gestational age; NICU, neonatal intensive care unit.

###### Mean, standard deviation, median, 1st and 3rd quartile, minimum, maximum values of the UA Doppler parameters, and 5th and 95th percentile of the mean UA RI and PI in both first and second trimester of pregnancy
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UA, uterine artery; RI, resistance index; PI, pulsatility index; SD, standard deviation; CI, confidence interval; LL, lower limit; UL, upper limit.
